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SUMMARY 

The feasibility of monitoring exposure to 4-aminobiphenyl (4-ABP) was determined by 
measuring the formation of covalent blood protein adducts in rats following administration 
of the amine. A single major adduct was obtained from serum albumin, which was formed 
from 4-acetylaminobiphenyl and the single tryptophan residue of albumin. The adduct was 
isolated as part of a tetrapeptide, following Pronase digestion and reverse-phase high-per¬ 
formance liquid chromatography purification, and was identified by amino acid analysis, 
’H-nuclear magnetic resonance and mass spectrometry. This adduct was cleared in vivo 
and showed a half-life of 4.7 days, essentially identical to that of albumin. Similarly, 4-ABP 
yielded a single major adduct with haemoglobin. This adduct showed a stability in vivo that 
was comparable to that of haemoglobin, and was shown to accumulate, with chronic dosing, 
to a level 30 times higher than that resulting from a single dose. Treatment of adducted hae¬ 
moglobin, with 0.1 N hydrochloric acid in acetone, caused hydrolysis and release of 4-ABP. 
The formation of the haemoglobin adduct involves 4-nitrosobiphenyl as an intermediate pro¬ 
duct and, by implication, 4-hydroxyaminobiphenyl. Thus, the haemoglobin adduct is a meas¬ 
ure of the fraction of 4-ABP that is W-hydroxylated directly, whereas the albumin adduct 
reflects that portion which is acetylated prior to N-hydroxylation. Approximately 0.02% of a 
dose of 4-ABP was bound to the tryptophan in albumin (dose of 2-80 mg/kg) and 5% was 
bound to haemoglobin as an acid-labile adduct (dose of 0.5-5000 ng/kg). 
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INTRODUCTION 

The concept, that accurate surveillance of exposure to carcinogens could be accom¬ 
plished by measurement of the covalent adducts formed between the carcinogens and hae¬ 
moglobin, was verified experimentally by studies on ethylene oxide and other alkylating 
agents (Ehrenberg & Osterman-Golkar, 1980). The prerequisites for dosimetry are that the 
adducts be stable and be formed in a dose-dependent fashion, and that sensitive analyti¬ 
cal techniques be available for their quantification. These criteria are readily satisfied for the 
simple alkylating agents. The question of whether they can be met, also, for those carci¬ 
nogens that are metabolically and chemically more complicated, is examined in this report, 
which details initial work aimed at the development of dosimetry for 4-aminobiphenyl. 

4-Aminobiphenyl (4-ABP) is a recognized human bladder carcinogen {IARC, 1972). in 
experimental animals, however, it is known to initiate tumours in other organs as well (Clay- 
son & Garner, 1976). It has been suggested that the target site is, at least partially, depen¬ 
dent on the extent to which the administered amine is acetylated (Kadlubar et at., 1977; 
McQueen ef at., 1983). In the dog, which has almost no acetylase activity toward aromatic 
amines, 4-ABP is an effective bladder carcinogen. In species with active A/-acetylation (rat, 
mouse, hamster), bladder tumours are rarely observed, although organs such as intestine, 
breast and liver are targets. In humans, aromatic amine acetylase activity is under genetic 
control, so that populations display two distinct phenotypes, the ‘slow acetyiator and the 
‘fast acetyiator’. Epidemiological studies have demonstrated a correlation between low ace¬ 
tylase activity and risk of bladder cancer, suggesting a role for aromatic amines in the etio¬ 
logy of this disease (Lower et at., 1979; Cartwright et al., 1982). Thus, dosimetry of 4-ABP 
becomes, at once, more complicated by the involvement of W-acetylation in the disposition 
of this carcinogen, and more rewarding because it might reveal insights into individual dif¬ 
ferences. In the present work, we show that it is possible, not only to quantify exposure to 
4-aminobiphenyl, but also to measure the extent to which the compound is subject to the 
very important metabolic pathway of acetylation. 


MATERIALS AND METHODS 


Animals and dosing 

[2,2'- 3 H]-4-Aminobiphenyl (Midwest Research Institute, Kansas City, MO, USA) was dilu¬ 
ted with unlabelled 4-ABP (Sigma, St Louis, MO, USA), to a specific activity of 0.75 
mCi/mmol for the preparation of albumin adduct, or 30 mCi/mmol for all other studies; it 
was administered to young adult male Sprague-Dawley rats (Charles River, Wilmington, MA, 
USA), either as a solution in dimethyl sulfoxide by intraperitoneal injection (single-dose stu¬ 
dies) or in corn oil by gavage (chronic study). For single-dose studies, blood was obtained 
by cardiac puncture. For multiple-dose studies, blood was obtained by puncture of a tail vein. 
Thirty animals were used to prepare albumin adduct and were given 4-ABP (100 mg/kg) as 
a solution in corn oil by gavage. 

Isolation and fractionation of haemoglobin 

Blood was iced immediately after collection and centrifuged to separate red cells. After 
washing (3x) with saline, the cells were lysed with 3 vol distilled water. Four vol of 0.67 M 
phosphate (pH 6.5) were added to redissolve haemoglobin, and the haemolysate was then 
centrifuged at 25 000 x g at 4°C for 25 min to precipitate the cellular debris. The superna- 
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tant was dialysed against distilled water and then added dropwise to 20 vol of iced 1% con¬ 
centrated hydrochloric acid in acetone. The precipitated globin was removed by centrifuga¬ 
tion, and the acetone was evaporated. The residual aqueous solution was filtered to remove 
haem and further purified on a C l8 Sep-Pak (Waters Assoc., Milford, MA, USA). Three frac¬ 
tions were collected from the Sep-Pak: material that eluted with (1) 10 mmol/L potas¬ 
sium chloride buffer, pH 2.5, (2) buffer:methanol - 1:1, and (3) methanol. The 4-ABP elutes 
in fraction 2. That the source of the radioactivity in fraction 2 was 4-ABP was confirmed by 
high-performance liquid chromatography: over 90% of radioactivity cochromatographed with 
authentic 4-ABP. 

Albumin isolation and adduct purification 

Albumin was isolated from plasma by fractional precipitation with ammonium sulfate 
(Peters, 1962). It was dissolved in 0.05 M phosphate buffer (pH 8) and treated with Pro- 
nase (20 mg/g albumin) at 37°C in a shaking water-bath for 18 h. For clearance studies, this 
digest was injected directly onto a reverse-phase high-performance liquid chromatography 
column (Whatman ODS-3) for purification and quantification of the adduct by liquid scintilla¬ 
tion counting. The column was eluted with a linear gradient of methanol in ammonium for¬ 
mate buffer (0.05 M, pH 6.4) over 40 min. In preparation for the clearance studies, the digest 
was subjected to an initial clean-up, which consisted of loading portions onto the high-perfor¬ 
mance liquid chromatography column and eluting successively with pure water and metha¬ 
nol, the latter containing all the radioactive components. The methanol eluants were pooled, 
concentrated and rechromatographed repeatedly, until five major products were obtained. 


RESULTS 

Rats dosed with 3 H-4-ABP accumulated a considerable fraction of the dose in their blood. 
Twenty-four hours after a single dose of 5 mg/kg, rats showed 8.0% of the administered 
radioactivity in the red blood cell compartment, and less than one-tenth of this in the plasma 
compartment. After dialysis of the washed, lysed, membrane-free red cells, 7.3% of the dose 
remained. Treatment with acidic acetone precipitated only 0.13% of the dose with the glo- 
bin, while 6.6% of the dose was recovered in the acidic acetone solution. When this solu¬ 
tion was evaporated and further purified on a C 1B Sep-Pak, 5.6% of the dose eluted in the 
50:50 bufferimethanol wash. Chromatography of this eluate revealed that the major label¬ 
led product was 3 H-4-ABP itself, accounting for 5% of the original dose. Since prolonged 
dialysis of the red cell lysate, and treatment of the haemolysate with acetone alone, in the 
absence of acid, both failed to liberate significant radioactivity, it appears that a form of 
4-ABP had bound covalently to haemoglobin in vivo, and this adduct was acid-hydrolysed 
in vitro . 

The radioactivity that was associated with albumin in the plasma compartment appeared 
in five separable products, following Pronase digestion of the albumin. The last of these to 
elute from the high-performance liquid chromatography column was the only one that con¬ 
tained 4-ABP covalently bound to an amino acid. It was Identified as the tetrapeptide, 
H 2 N-ala-try(-ABP)-ala-vai, the carcinogen modification being 3-(tryptophan-Wl-yl)-4-acetyia- 
minobiphenyl. The identity was established by amino acid analysis, which revealed the pre¬ 
sence of two equivalents of alanine and one of valine per 3 H; by ^-nuclear magnetic reso¬ 
nance spectroscopy in dimethyl sulfoxide-d s with a Bruker WM-500 spectrometer, which per¬ 
mitted a complete assignment of all expected resonances; by mass spectrometry (Kratos 
MS-50 with FAB source), which established the molecular weight as 654; and by ultra-vio¬ 
let spectroscopy, which established the absence of ionizabie substituents on the chromo- 
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phore. A second component was identified as 4-ABP by its retention time on high-perfor¬ 
mance liquid chromatography, and by isolation and gas chromatography, following derivati- 
zation with pentatluorobenzoyl chloride. A third component was identified as 
4’-hydroxy-4-acetylaminobiphenyl, by the absence of amino acids as determined with an 
amino acid analyser; by ^-nuclear magnetic resonance spectroscopy with a Bruker WH-270 
spectrometer; by mass spectrometry with a Finnigan-MAT 4023 spectrometer, with a ther¬ 
mal in-beam desorption probe that produced a spectrum consisting of a molecular ion at m/z 
227 and a base peak at m/z 185, corresponding to loss of ketene; and by ultra-violet spec¬ 
troscopy which revealed the phenolic character of the compound. The remaining two com¬ 
pounds were not fully characterized, but it was inferred that they were not amino acid 
adducts by the results of ’H-nuclear magnetic resonance spectroscopy with a Bruker 
WM-500 spectrometer, and by their failure to yield detectable amino acids. 

In vivo, the level of the acid-labile haemoglobin adduct formed was a linear function of the 
logarithm of the dose of 4-ABP, over the range of doses administered (Fig. 1). No detail- 

Fig. 1. In-vivo formation of the acid-sensitive haemoglobin-4-aminobiphenyl adduct as a 
function of single intraperitoneal doses of 4-amlnobiphenyl 



Dose of 4 - a m i nobi pheny l f kg) 

Adduct levels were determined after 24 h as described in Vie text- Hb, haemoglobin 

PM3006730666 

Source: https://www.industrydocuments.ucsf.edu/docs/fpvj0001 





DOSIMETRY OF 4-AMINOBIPHENYL 


147 


ed dose-response data were obtained for the albumin adduct formation but we observed, 
in the preparation of the adduct for identification, a yield of 0.02% based on estimated total 
albumin. 

Chronic administration of 4-ABP led to an accumulation of radioactivity in the blood some 
30-fold higher than that found after a single dose (Fig. 2). Upon cessation of dosing, the 
level of bound radioactivity decreased, initially, by 2.5% of its peak value per day, but after 
several weeks this rate had declined. About 60-65 days were required to clear all radioac¬ 
tivity from the blood. 


Fig. 2. Accumulation of haemoglobin adducts resulting from chronic administration of 
4-aminobiphenyi 



A dose of 2.05 pCl (11.4 ng) was administered on alternate days by gavage. Radioactivity is expressed as the total 
bound to all haemoglobin, based on a value of 6.4 ml blood/kg body weight 


The clearance of radioactivity associated with albumin was exponential (Fig. 3). The total ! 

activity clearance had a half-life of approximately 72 h, while clearance in the form of the I 

one covalent adduct had a half-life of approximately 112 h. The latter value corresponds 
to 4.7 days, which is very close to reported values for the turnover of albumin in the rat 
(*i /2 = 4 days). j 
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Fig. 3. Clearance of total 3 H (•> and 3-(tryptophan-W1-yi)-4-acetYiamlnobiphenyl (▲) from 
serum albumin, following administration of single doses of 4-aminobiphenyi 



Time (h) 


DISCUSSION 

Administration of 4-ABP to rats resulted in the formation of two distinct types of covalent 
adducts with blood proteins. In albumin, the site of attack is the single tryptophan residue, 
which, significantly, occurs in a sequence that is homologous in rat and man. The adduct is 
formed from acetylated 4-ABP. In haemoglobin, an adduct is formed that has not yet been 
identified with certainty. However, there is a considerable body of research on analogous 
aromatic amines, including aniline, aminofluorene and aminostilbene (Kiese & Taeger, 1976; 
Dolie et at., 1980) as well as other, as yet unpublished data from our laboratories on the 
reaction of hydroxylaminobiphenyl, which make it almost certain that the adduct is a cys- 
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teine suiflnamide. The chemistry of the formation of this adduct is depicted in Figure 4. The 
intermediate compound, 4-nitrosobiphenyl, precludes the formation of any sulfinamide from 
acetyiatf d 4-A BP. Thus, provided that other variables that affect the dose-response rela¬ 
tionship of adduct formation are known, albumin adducts can be used as a dosimeter for 
the fraction of 4-A8P that undergoes N-acetylation, while haemoglobin adducts can be used 
to measure the remainder which is not acetylated. 


Fig. 4. Proposed scheme for formation in vivo and hydrolysis in vitro of the acid-sensi¬ 
tive haemoglobin-4-aminobiphenyi adduct 
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